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* Multiple Sclerosis (MS) is a chronic inflammatory
demyelinating and degenerative disease of the Central

Nervous System (CNS) affecting both the Brain and the Spinal
Cord.
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Hypothesis of the origin of Multiple Sclerosis

*Probable origin from South Scandinavia (12"
century AC).

*Vikings with their fleet travelled a lot through
sea transferring genes and other
environmental(?) factors to all areas they
invaded.

*Major destination and invasion: the British
Islands and from there to their colonies.

*For many years they mastered and dominate in
all known seas and participated in Byzantine
army. They even took part in crusades.
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New research with ancient human DNA
shows the origins of MS risk genes

An international collaboration of researchers has shown genes linked to
MS may have evolved as a way to protect against infections.

There’s no single gene that will definitely cause someone to develop MS. But having certain versions of
particular genes can increase the risk. So far we’ve discovered over 200 genes that are linked to MS.

New research has looked at the origins of some of these genes using ancient human DNA. They found
these genes were introduced to Europe around 5,000 years ago.
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Multiple sclerosis genomic map
implicates peripheral immune cells
and microglia in susceptibility
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68,374
controls

We identified 233 statistically

independent associations with ) R ——— GWAS
MS susceptibility that are iy ‘ e _ vafi:;:;ts
genome-wide significant. The A ———
major histocompatibility complex
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remaining 200 associations are
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Multiple sclerosis genomic map
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and microglia in susceptibility
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VIEWS & REVIEWS

Multiple sclerosis, vitamin D,

and HLA-DRBI*15

Neurology® 2010:74:1905-1910 ' "

Experiments provide evidence for a direct biological
interaction between HLA-DRB1, the main MS
susceptibility locus, and vitamin D, a key candidate for

* HLA-DRB1

mediating the environmental effect. The role of this il
interaction in disease etiology remains to be discovered T Oy
but it is plausible that a lack of vitamin D in early

childhood can affect the expression of HLADRB1 in the

thymus. It can be speculated that a general reductionin vy o ) T I o

the expression of disease-associated class Il alleles ‘b Jitarmin D to HLALDRBL. Schematic illustrating the rale of a proximal VDRE at

including HLA'DRB].*].S in the thymus during early Iife / \ the HLA-DRB1 gene that.conf.ers vitamin D responsiveness through binding of
vitamin D receptor (VDR)/RXR.

might result in loss of central tolerance, perhaps

increasing the risk of autoimmunity in later life. il TR e

Genes and Immunity (2010) 11, 99-112



RESEARCH

Patsopoulos NA, Baranzini SE, Santaniello A, Shoostari P, Cotsapas C, Wong G, et al.
RE SEA RC H ART[CLE SUMMARY Multiple sclerosis genomic map implicates peripheral immune cells and microglia in
susceptibility. Science (2019) 365:eaav7188. doi: 10.1126/science.aav7188
HUMAN GENOMICS

Multiple sclerosis genomic map

. . . . D Multiple sclerosis SNPs
implicates peripheral immune cells MS gene enrichment = 5e =14
and microglia in susceptibility 100,000 -

Microglia gene
International Multiple Sclerosis Genetics Consortium* f & M3 gene

We identified 233 statistically
independent associations with
MS susceptibility that are
genome-wide significant. The
major histocompatibility complex
(MHC) contains 32 of these
associations, and one, the first MS
locus on a sex chromosome, is
found in chromosome X. The 104
remaining 200 associations are
found in the autosomal non-MHC
genome.
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the myeloid component highlights a possible
role for microglia that requires further
investigation and the B cell component
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EBNA1-specific T cells from patients with
multiple sclerosis cross react with myelin
antigens and co-produce IFN-y and IL-2

EBV VIRUS AND MULTIPLE SCLEROSIS

J. Exp. Med. Vol. 205 No. 8 1763-1773
www.jem.org/cgi/doi/10.1084/jem.20072397
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Compared with healthy individuals, patients with MS show higher Dura mater
frequencies and activation states of self-reactive B lymphocytes
(cells with red nuclei), in addition to impaired functions of oo
regulatory immune compartments, indicating a lower threshold Sutaractnod
for breakdown of self-tolerance to CNS antigens. Strong innate .
immune activation during primary EBV infection could facilitate —
activation and expansion of autoreactive and polyspecific (that is, AR~
both autoantigen-specific and viral-antigen-specific [cells with
blue nuclei]) T and B cells. These cells could be maintained in the :’"m
presence of continuous antigen exposure. In addition, latent EBV
infection confers B-cell (anti-EBNA-1-producing plasma cells) Pltooun

survival advantages and could rescue autoreactive B cells from
apoptotic deletion during B-cell development and differentiation.
Homing of these rescued autoreactive lymphocytes, which can
immuno-modulate and present antigen to T cells, to the inflamed
CNS might contribute to the immunopathology of MS.

Nature Reviews Neurology 8, 602-612 (November 2012)
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Longitudinal analysis reveals high prevalence of e —
Epstein-Barr virus associated with multiple sclerosis g
Kjetil Bjornevik't, Marianna Cortese't, Brian C. Healy*>3*, Jens Kuhle®, Michael J. Mina®’%, r.% 0

Yumei Leng®, Stephen J. Elledge®, David W. Niebuhr®, Ann 1. Scher®, " - T
Kassandra L. Munger't, Alberto Ascherio™®™*{
Serum sample

EBV negative at baseline and with EBV measurement in three samples. A
significantly higher proportion of individuals who later developed MS
were EBV positive in the second and third samples compared with

 We tested the hypothesis that MS is caused by individuals Who did not develop MS

Epstein-Barr virus (EBV) in a cohort comprising more CA x
than 10 million young adults on active duty in the US ?
military, over the course of a 20-years, between 1993 and 8
2013. 2 2 ! ¢
* We identified 955 of whom were diagnosed with MS 2 .
during their period of service. =
* There were 801 MS cases and 1566 controls with samples ‘Iﬁ 1---—- e bl
available to assess EBV infection status (at least 3 samples) EBV-negative  Seroconverted  Baseline
(ref. group) EBV-positive

The risk ratio for MS according to EBV status. EBV
seroconversion by the time of the third sample and EBV
seropositivity at the time of the first sample were associated with
a 32-fold and 26-fold increased risk of developing MS,

rneetrra~ntivialys
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b1 103389/ fimmu 2023.1212676 Risk factors OR for each risk factor in the absence of the other/s = Combined OR

1 H H High anti-EBNA 1.8 + 25 2.7

M hocuisuemey Risk factors for multiple sclerosis 'gh anti-
Ever smoking

in the context of Epstein-Barr PR —— L i
EDITED BY H H H .
Klemens Ruprecht, VI ru S I nfect I O n Ever SlTlell'lg
Charité University Medicine Berlin,
Germany . ) Anti-EBNA>median 27 + 16 14
EE:;W:E:VSM Anna Karin Hedstrém Cursent smoking
City University of New York, United States Department of Clinical Neuroscience, Karolinska Institute, Stockholm, Sweden
Shunbin Ning, Anti-EBNA>75" percentile | 4.1 + 0.6 74

East Tennessee State University,
United States

Ever smoking

Combined
OR

Risk factors OR for each risk factor in the absence of the other/s

Past IM
Ever smoking

Anti-EBNA 50-75% 21+15 27 Past IM 18 + 16 30

percentile* Current smoking
Adolescent BMI>25 kg/m”

Anti-EBNA 75-95™ 34+ 14 4.6
percentile*
Adolescent BMI>25 kg/m2

Anti-EBNA >95® percentile * | 4.0 + 1.4 73 Risk factors for MS onset in the context of

Adolescent BMI>25 kg/m2

EBV
Anti-EBNA>median 25+28 + 1.6 . . . .
HLA-DRBI*1501 positive e Viral infections apart from EBV

Adolescent BMI>25 kg/m2 e Genetics

Sun exposure and vitamin D
Gt LUNg-iFFitating agents
Past IM 18 + 1.6 7.0 ° Obesity
Adolescent BMI>27 kg/m2 . . ] .

e Other potential risk factors (microbiome
Past IM 20 +34+ 14 222 and PU FAS)

DRB1*1501 positive
Adolescent BMI>25 kg/m2

Past IM 18 + 17 8.1 o
Adolescent BMI>27 kg/m2




VITAMIN D AND B-LYMPHOCYTES*

Outside CNS: SLT

In vivo plasma cell generation outside the central nervous system
may occur outside or (in most cases) within lymph secondary
lymphoid tissue/GCs. In case GC processes (class switch
recombination/somatic hypermutation) are involved, plasma blasts
may be generated with a selection advantage for becoming long-lived
plasma cells. Those reside in survival niches, enabling ongoing
immunoglobulin production (stable immunoglobulin levels).

In vivo plasma cell generation within the central nervous system
probably takes place in ectopic lymphoid follicles. Here functionally
inferior GCs compared with the ones of secondary lymphoid tissue,
generate plasma blasts without the selection advantage for becoming
long-lived plasma cells.

N e 2.
VitaminD =i l \\ Abbreviations: B, B cell (naive/ memory); PB, plasma blast; PC, plasma cell; CNS, central
o P nervous system; SLT, secondary lymphoid tissue; TZ, T-cell zone; GC, germinal centre; Bm, memory B
.))’.' = .))’.' cell; PCsl, short-lived plasma cell; PCII, long-lived plasma cell; SN, survival niche; ELFs, ectopic

lymphoid follicles

*anti-EBNA-l-producing plasma cells
Immunology 2015; 147: 275-284
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* Multiple Sclerosis (MS) is a chronic inflammatory
demyelinating and degenerative disease of the Central

Nervous System (CNS) affecting both the Brain and the Spinal
Cord.
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@ Role of the innate and adaptive immune responses in the

......

I course of multiple sclerosis
Review

Bernhard Hemmer, Martin Kerschensteiner, Thomas Korn

Primary activation by extrinsic antigens

Peripheral tissues

Skin

Intestines

Draining lymph node

Lancet Neurol 2015; 14: 406-19
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Outside-in Model

A major hypothesis in multiple sclerosis

pathology is that a CNS antigen-specific
immune activation occurs first in the

periphery and is then transferred to the

previously unaffected CNS.

After migration to the lymph nodes, a few of

these antigen-specific T cells and B cells will

invade the CNS compartment during the pre-
phagocytic phase of lesion development.

/ g | EE D
/ \Endothehum Basal membrane
.' .\'

ey - The release of inflammatory mediators will
0 «\r@(\;y open the blood-brain barrier and attract the
6 ;/7/\(& influx of monocytes and additional
o - [| lymphocytes and other serum components,
/«..%}A \ .h‘, leading to the formation of the phagocytic
lesion.

Bone marrow Leaky endothelium



Role of the innate and adaptive immune responses in the
I course of multiple sclerosis

CrossMark

Review Bemhard Hemmer, Martin Kerschensteiner, Thomas Korn Lancet Neurol 2015; 14: 406-19
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Inside-out Model

In an alternative hypothesis, an
initiating event within the CNS causes
the subsequent activation of resident
microglia and an amplification of the

immune reaction, with a secondary
recruitment of adaptive and innate
immune cells.

In this hypothesis, a primary defect of
oligodendrocytes (eg, a genetic
mutation/ viral/ toxic agent) leads to
spontaneous oligodendrocyte death and
consecutive activation of microglial cells,
which would account for the changes
noted in pre-phagocytic lesions
In this proposed hypothesis, antigens
drain out of the CNS into deep cervical
lymph nodes to induce a secondary
adaptive immune response in the
periphery.




Multiple Sclerosis- First Pattern of Inflammation

Progressive relapsing MS (PRMS)
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There are two different types of inflammation in MS patients:

The second pattern of inflammation in the MS brain is an inflammatory reaction, which
accumulates in the large connective tissue spaces of the brain and spinal cord, dominantly
affecting the meninges and the large periventricular Virchow Robin spaces. B-cell lineage, CD20
positive cells are most frequent in active lesions, but the majority of cells present in chronic
lesions are plasma blasts and plasma cells. In the meninges and perivascular space this
inflammatory reaction is present diffusely but it may form focal aggregates or structures, which
resemble tertiary lymph follicles with clearly separated T-cell, B-cell, and plasma cell areas.

In contrast to the inflammatory reaction in classical active white matter lesions blood-brain
barrier damage is minor or absent in this compartmentalized inflammatory reaction in chronic
progressive MS. The meningeal and perivascular infiltrates are associated with slow expansion to
the white and gray matter. Tissue injury may at least be partly mediated by a cascade involving
microglia and macrophage activation, oxidative injury, and mitochondrial damage. Soluble
factors, produced by the inflammatory cells, may exert tissue damage either directly or indirectly
by the activation of microglia or macrophage and also astrocytes.
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Therapeutic Advances in Neurological Disorders
2022, Vol. 15: 1-18
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Smouldering multiple sclerosis: the ‘real MS’

Gavin Giovannoni

, Veronica Popescu, Jens Wuerfel, Kerstin Hellwig, Ellen lacobaeus,
Michael B. Jensen, Joseé Manuel Garcia-Dominguez, Livia Sousa, Nicola De Rossi,

Raymond Hupperts, Giuseppe Fenu, Benedetta Bodini, Hanna-Maija Kuusisto,

Bruno Stankoff, Jan Lycke"*’, Laura Airas, Cristina Granziera
and Antonio Scalfari
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A large proportion of people with multiple sclerosis (MS)
continue to experience clinical deterioration despite a lack of
overt ongoing inflammatory disease activity. To this end, such
patients exhibit disability progression despite being relapse-free
and exhibiting neither contrast-enhancing T1-weighted (T1w) Baseine Relopse 0
lesions nor new or enlarging T2-weighted (T2w) lesions on s
magnetic resonance imaging (MRI). This is often referred to as

progression independent of relapse activity (PIRA) or smouldering
MS.

Disability relative to baseline EDSS score
= R >r=mm DG Pl £
XXX XXX XXXX

JAMA Neurol 2020; 77: 1132-11«

T T
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In relapsing-remitting MS (RRMS), the effective therapeutic suppression of relapses does not

always correlate with the prevention of long-term disability accumulation, thus highlighting a

disconnect between mechanisms underlying inflammatory attacks and those responsible for
disease progression.
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Pathogenic Mechanisms Associated
With Different Clinical Courses of
Multiple Sclerosis

Hans Lassmann*

Center for Brain Research, Medical University of Vienna, Vienna, Austria
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(B) In slowly expanding lesions in the white matter T-cell, B-cell

(A) Active cortical lesions are associated with inflammatory infiltrates in
the meninges, which are composed of CD8+ T-cells (red), CD20+ B-cells and plasma cell infiltrates are present in the large perivascular
(green) and plasma cells (blue). Active demyelination occurs at a distance Virchow Robin spaces. Active demyelination and
of the inflammatory infiltrates and is associated with activated microglia neurodegeneration occurs at a distance and is associated with
(blue lesion rim). The lesions gradually expand from the pial surface of microglia activation. Also in these lesions it is suggested that
demyelination and neurodegeneration is driven by a soluble factor,

the cortex toward the depth of the gray matter. Lymphocyte infiltrates
are rare or completely absent in the cortical tissue and in particular at the produced by the perivascular lymphocytes or plasma cells (arrows).
zone of active demyelination. It is suggested that the inflammatory
infiltrates in the meninges produce a soluble factor, which induces
demyelination and neurodegeneration either directly or indirectly through
microglia activation (arrows).




Multiple Sclerosis- Second Pattern of Inflammation

Progressive relapsing MS (PRMS)

N B O X
Secondary progressive MS (SPMS) Inflammation

£

o Neuroaxonal loss

>

] G
>, n Subclinical Brain volume loss
= b disease
o ©
- | g
,g . . a 1* clinical
E Primary progressive MS (PPMS) attack
. ¢ 1
o
k= Relapses
% < >
S R i Ol i o o O o 0 1
(b)
E Relapsing-remitting MS (RRMS) 1*MRI MRI Events

lesi 5

b= J_M i Time (Years)

Time —>



Homogeneity of Active Demyelinating
Lesions in Established Multiple Sclerosis

Esther C. W. Breij, PhD,' Bianca P..Brink, BSc,” Rob Veerhuis, PhD,>? Christa van den Berg, BSc,?
Rianka Vloet, BSc,! Rigiang Yan, PhD,* Christine D. Dijkstra, MD, PhD,! Paul van der Valk, MD, PhD,?
and Lars Bs, MD, PhD** ‘
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a b /’ & C3d immunostaining is observed on a myelin sheath that is
R § - e . : in close contact with macrophages (arrows) (I);
C5b-9 immunopositivity is consistently found on and within macrophages (arrows) in immunostaining is more intense at the interface
inflammatory demyelinating areas (E) but not in inflammatory non-demyelinating areas ~ (arrowhead) of the myelin sheath and the macrophage (J).

(F). C4d immunostaining on a myelin sheath that is surrounded
by macrophages (arrows) (K).

The immunopathological appearance of active demyelinating lesions in established MS
Is uniform. Consistent presence of complement, antibodies, and Fc receptors in
phagocytic macrophages suggests that antibody- and complement-mediated myelin
phagocytosis is the dominant mechanism of demyelination in established MS.



Immunopathology of Secondary—Progressive
MUltiple SClerOSiS Ann Neurol 2001;50:646 657

John W. Prineas, MB, BS," Eunice E. Kwon, MSc,” Eun-Sook Cho, MD,” Leroy R. Sharer, MD,”
Michael H. Barnetr, MB, BS,! Emilia L. Oleszak, PhD,?* Brad Hoffman, BS,® and Bryan P. Morgan, PhD"
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Edge of a lesion stained for activated complement (C3d).
Scattered, short linear deposits of C3d are present in

myelinated margin.

A myelin sheath
located within a
microglial stains
positively for
C3d.



The role of the complement
system in Multiple Sclerosis:
A review

Front. iImmunol. 13:970486.
doi: 10.3389/fimmu.2022.970486

A: Acute MS exacerbation (initial stage)

Nil Saez-Calveras® and Olaf Stuve®®*

(A) Acute MS exacerbation:

1. Complement factors leak through a compromised BBB. T
and B cells infiltrate the parenchyma and are activated by
myeloid APCs.

2. Activated C3b and C3d deposit on myelin promoting its
opsonization. C1q binds resting microglia and modulates its
phenotype switch to disease-associated microglia (DAM).

B : Chronic or progressive MS

L P Tertiary Lymphoid
'@ % Tissue (TLT)
'

" Complement
mediated synaptic
pruning by microglia
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(3) mAC promotes
OLG remyelination

. . =t MAC formation; ~~
3. Downstream activation of complement leads to MAC Mgyl Myelin degradstion { Wintinsic ¢
. . v o = ; synthesis
formation and damage to the myelin membrane. rmiso [ =y DR .7 Fhpeees ) gamroneen by DAM
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(B) Progressive MS: 7 “ parenchyma i 3
| (2) A
1. Complement and other factors are secreted by DAM and by ' @ = C3-bound gmﬁ
. . . . . 5 > » H myel| - thy s
the tertiary lymphoid tissue (TLT) and diffuse into the brain 7 ™ / G phagocytosis /ﬂ.,\i
APC-T cell ¢ e
parenchyma. actvation | S —
2. C3-bound myelin products are opsonized by myeloid cells . i 9
and activated microglia. 5 0e2a
3. In this stage, MAC formation exerts protective effects S % (S8
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Treatment of multiple sclerosis - success from

bench to bedside

Diroximel: relapsing
forms of MS (CIS, RMS, Ponesimod » Active RRMS (EMA)
active SPMS) (USA) Relapsing MS (CIS, RMS, active
\ SPMS) (USA)
approved for treatment of
First reports of progressive » Targeting of B cells is conhrmedos SPMS (EU)
multifocal leukoencephalopathy on effective therapy for RRMS
with natalizumab treatment » Ocrelizumab becomes the first drug —
Lo be approved for treatment of PPMSY] Orel fingolimod is Ublituximab
Subx utaneous Natalizumab is the | he hrst disease 12/2022 Active
INB-ibisthe | —ou— | first monoclonel For the first time, a generic Rditying therapy Relapsing MS
first drug to be The fust drug | | antibody and Fingolimod is the drug — & generic version of to Baapproved for FDA
approved for for treating high-efficacy drug first orel drug to be glatiramer acetate — is treatiot of RRMS
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Ublituximab
Subcutaneous ¢ Introvenous Intravenous Oral Oral dimethyl Subcutaneous Oral ingolimod 03/2023 Acti
IFNp-1b mitoxantrone natalizumeb fingolimod fumarate daclizumab for RRMS in y CUive
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* Intramuscular Subcutancous P[G.'FNe.]b * Oral cladnbine

IFNB-1a IENB-1a * Intravenous ocrelizumab for RRMS EMA

* Intravenous ocrelizumab for PPMS

SC Ofatumumab for
relapsing MS (CIS,
RMS, active SPMS)
Siponimod for relapsing MS (UsSA)
(CIS, RRMS, SPMS) Active RRMS (EV)
(USA)
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EPO-658

Natalizumab Observational
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Time to first use of an ambulatory device (years)
No. of patients at risk
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Methods: ACROSS was a cross-sectional follow-up study of patients originally enrolled in a Phase 2 P

fingolimod proof-of-concept study (NCT00333138). Disability and magnetic resonance imaging-related

outcomes were assessed in patients grouped according to fingolimod treatment duration, based on an

. . 1.04
arbitrary cut-off: >8 years (high exposure) and <8 years (low exposure). -
Results: Overall, 175/281 (62%) patients participated in ACROSS; 104 (59%) of these were classified as

“high exposure.” At 10 years, patients in the high-exposure group had smaller increases in Expanded
Disability Status Scale (+0.55 vs. +1.21), and lower frequencies of disability progression (34.7% vs.
56.1%), wheelchair use (4.8% vs. 16.9%), or transition to secondary progressive multiple sclerosis (9.6%
vs. 22.5%) than those in the low-exposure group. The high-exposure patients also had less progression in
most magnetic resonance imaging-related outcomes.

0.7
0.6
0.51
Risk reduction: 76%

04 HR: 0.24; 95% CI: 0.07-0.85; p=0.0276
0.31
0.2

5
0.1 -

Proportion of patients
using a wheelchair

L i v — v
0 1 2 3 4 5 6 7 8 9 10 11 12 13
Time to first use of a wheelchair (years)

No. of patients at risk

High Exposure 104 104 104 104 104 103 102 102 101 100 100 73 7 O
LowExposure 71 70 70 70 68 68 67 65 61 61 59 45 0 0



Annualised Protocol Defined Relapse Rate by Year

After 10 years in
PwWRMS continuously

OPERA I/l treated with OCR,

the ARR (0.017) was
equivalent to a relapse

0.6 1 1
. 1
ST A ! almost every 60 years
0.5 - with IFN or OCR .
1
2 o4 1 IFN-OCR Patients receiving IFN B-1a 44 pg during the DBP, then switching to OCR at OLE baseline
< 4T 1
SUIUOT 1 OCR-OCR Patients receiving OCR 600 mg d the DBP and cont OCR into OLE
o g g during the and continuing into
< 1
- 034 0273 p<0.001 1
g 1 1
2] 1
E ] 0.202
= 1 =
-S: 027 0.139 1 P2 ﬂ‘ p=0.67 p=0.12
) ! 1 =0.96 =0. _ _ _ _
0.123 b oogr 0102 p — p=0.82 p=0.19 p=0.94 p=0.41
0.1 - 1 0.081 0.079 0.071 0.064 f l 0.063 | —| I 1 I 1 | 1
1 ) 0.044 0.044 ) 0.040 0.036
. 0.029  0.031 0022 0020 0030 .o go7

n=829 n=827 n=713 n=765 n=623 n=702 n=594 n=665 n=570 n=639 n=550 n=616 n=530 n=591 n=511 n=576 n=498 n=548 n=479 n=525 n=454 n=486

OLE OLE OLE OLE OLE OLE OLE OLE OLE

Week 48 Week 96 Week 48 Week 96 Week 144 Week 192 Week 240 Week 288 Week 336 Week 384 Week 432
>

Year 2 Year 4 Year 6 Year 8 Year 10

ARR decreased year-on-year from the pre-switch year to Year 10 in IFN-OCR switcher and was maintained
at low levels in all patients treated with OCR

aThe total number of relapses for all patients in the treatment group divided by the total patient-years of exposure to that treatment. "DBP year 1 and DBP year 2 data include the intention-to-treat population (number of patients available); year 3 (OLE year 1), year 4

(OLE year 2), and year 5 (OLE year 3) data include the OLE ITT population (number of patients available). Clinical cutoff date: February 5, 2018GEE Poisson Model ITT population. Adjusted ARRs from Week 48 to OLE Week 288 (Year 7.5). Adjusted by randomised

treatment, study, baseline EDSS (<4.0 vs 24.0), geographical region (US vs ROW), year and treatment-by-year interaction.

ARR, annualised relapse rate; DBP, double-blind period; EDSS, Expanded Disability Status Scale; GEE, generalised estimating equation; IFN, interferon; ITT, intention-to-treat; OCR, ocrelizumab; OLE, open-label extension; PWRMS, patients with RMS; ROW, rest of

world; RMS, relapsing multiple sclerosis. 31

Weber MS, et al. Presented at MSMilan 2023 (P302).
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Check for
updates

Long-term efficacy and safety of alemtuzumab in patients with RRMS:
12-year follow-up of CAMMS223

Brian Steingo’ - Yaser Al Malik? - Ann D. Bass® - Regina Berkovich®” . Matthew Carraro® - Oscar Fernandez” -
Carolina lonete® - Luca Massacesi® - Sven G. Meuth'? . Dimos D. Mitsikostas'" - Gabriel Pardo'2 -

Renata Faria Simm'3 . Anthony Traboulsee' - Zia Choudhry'® - Nadia Daizadeh'* - D. Alastair S. Compston'® on
behalf of the CAMMS223, CAMMSO03409, and TOPAZ Investigators
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Disease activity 4.5 years after starting
cladribine: experience in 264 patients with
multiple sclerosis
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Longer-Term (up to 6 Years) Efficacy of Ofatumumab in People
With Recently Diagnosed and Treatment-Naive Relapsing
Multiple Sclerosis

Gabriel Pardo’, Stephen L. Hauser?, Amit Bar-Or?, Ralf Gold*, Xavier Montalban?®, Jeffrey A. Cohen®, Derrick Robertson’,
Carrie M. Hersh®, Robert T. Naismith®, Kumaran Deiva'®, Alit Bhatt'!, Haoyi Fu'2, Ibolya Boer'3, Sven G. Meuth™®,
Anne H. Cross'®, Jutta Gartner'®, Ludwig Kappos'”

Cumulative event rate — 6mCDW

25 - OMB-OMB
TER-OMB

23.7

[}
|
|
: 232
|
)
]

22 Switching period

B

15 4 Core HR:
14 4 0.56 (0.33-0.96)

12 4 p=0.035

16.6
Core+Extension
p=0.033

event rate (%)

K-M estimate of cumulative

|

|

|

|

|

|

|
0 6 12 18 24 30 3B 42 48 54 60 66 T2 THB B4
Mumber of participants at risk

OMB-OMB 312 294 283 265 237 210 193 181 171 168 162 141 57 14
TER-OMEB 300 283 250 238 222 203 191 176 167 162 149 124 51 [

|




Early initiation of Ocrelizumab lowers by 42% the
risk of requiring a walking aid in RMS

(. : . . : : : )
After 10 years, >90% PwRMS treated with continuous ocrelizumab did not require a walking
aid
1004 'T-—J_I
! N O

—~ OF I OCR-OCR
S 95 I
= |
) | T
O 901 I IFN-OCR
3 |
= | f— 91 9% OPERA 1/
= 85 : Difference in progression to walking aid -
g I associated with IFN-OCR patients’ 2- of OCR-OCR
= Patients | year delay ma?tii(r)tw;%gCR remained patlents. did
O god treated : y not require a

L with IFN All patients treated walking aid at

orOCR with open-label OCR 10 years
or . >
Year 2 Year 4 Year 6 Year 8 Year 10
Time to onset of confirmed disability worsening (years)
HR (95% CI) = 0.58 (0.41, 0.84) p=0.0030. Risk reduction: 42%

Over 10 years, in PWRMS there was a 42% reduction in the risk of

requiring a walking aid in those who initiated ocrelizumab earlier vs delayed treatment

CDW, confirmed disability worsening; Cl, confidence interval; HR, hazard ratio; IFN, interferon 3-1a; OCR, ocrelizumab; PPMS, primary progressive multiple sclerosis; PWRMS, patients with relapsing multiple sclerosis;
RMS, relapsing multiple sclerosis.
Hauser SL, et al. ECTRIMS 2023 (P304).



Timing of high-efficacy therapy for multiple sclerosis: X Q)
a retrospective observational cohort study

AnnaHe, Bernd Merkel, James William L Brown, Lana Zhovits Ryerson, llya Kister, Charles B Malpas, Sifat Sharmin, Dana Horakova, Lancet Neurol 2020: 19: 307-16
EvaKubala Havrdova, Tim Spelman, Guillermo Izquierdo, Sara Eichau, Maria Trojano, Alessandra Lugaresi, Raymond Hupperts, Patrizia Sola, !

Diana Ferraro, Jan Lycke, Francois Grand'Maison, Alexandre Prat, Marc Girard, Pierre Duquette, Catherine Larochelle, Anders Svenningsson,
Thor Petersen, Pierre Grammond, Franco Granella, Vincent Van Pesch, Roberto Bergamaschi, Christopher McGuigan, Alasdair Coles, Jan Hillert,
Fredrik Piehl, Helmut Butzkueven, Tomas Kalincik, on behalf of the MSBase study group*

A Commencement of high-efficacy therapy

1007 — Late
— Early
075- Hazard ratio 0-34 (95% Cl 0-23-0.51)

p<0-0001

0-50 -

0-25

Cumulative hazard of progression
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0 1 2 3 4 5 6 0 1 2 3 4 5 6
Time since start of first-line DMT, ¥ Time since start of first-line DMT, v
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DMT indicates disease-modifying treatment. DMT indicates disease-modifying treatment.
Time to Confirmed Disability Progression Time to First Relapse by Treatment Strategy Cohort

by Treatment Strategy Cohort

Spelman et al, JAMA Neurol. 2021;78(10):1197-1204.



JAMA Neurology | Original Investigation

Contribution of Relapse-Independent Progression vs
Relapse-Associated Worsening to Overall Confirmed
Disability Accumulation in Typical Relapsing Multiple Sclerosis
in a Pooled Analysis of 2 Randomized Clinical Trials

Ludwig Kappos, MD:; Jerry S. Wolinsky, MD; Gavin Giovannoni, PhD; Douglas L. Arnold, MD; Qing Wang, PhD; Corrado Bernasconi, PhD;
Fabian Model, PhD; Harold Koendgen, MD; Marianna Manfrini, MD; Shibeshih Belachew, MD; Stephen L. Hauser, MD
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JAMA Neurol. 2020;77(9):1132-1140. doi:10.1001/jamaneurol.2020.1568
Published online June 8, 2020.

CONCLUSIONS AND RELEVANCE Most disability accumulationin RMS is not associated with
overt relapses. This indicates an underlying progression in this typical RMS population and
challenges the current clinical distinction of relapsing and progressive forms of multiple
sclerosis. Ocrelizumab was superior to interferon B-1a in preventing both RAW and PIRA.

E Interferon B-1a
351

Cumulative probability of events, %

Baseline 12

PIRA/CDA = 78.0% (174/223)
RAW/CDA = 20.2% (45/223)

Composite PIRA
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Cumulative probability of events, %
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MSMilan2023

9th Joint ECTRIMS-ACTRIMS Meeting

11-13 October 2023 | Milan, Italy actrims
The comparative effectiveness of natalizumab and m.(:v,,v,m..i.;f;ﬂ.,..mm.
ocrelizumab in naive relapsing remitting multiple sclerosis: :’@C ’
the impact on relapse dependent and relapse independent =
disability progression B,!%g

P.laffaldano’, G. Lucisano?, T. Guerra’, D. Paolicelli’, M. Inglese® ¢, M. Foschi®, F. Patti, F. Granella’, S. Romano®, P. Cavalla®, G. De Luca'®, P. Gallo', P. Bellantonio'?, A.
Gallo'?, S. Montepietra'é, A. di Sapio'®, M. Vianello'®, R. Quatrale'’, D. Spitalieri18, R. Clerici'®, V. Torri Clerici?®, E. Cocco?', V. Brescia Morra??, G. A. Marfia?®, M. Filippi?¢,
M.P. Amato?5, M. Trojano’, on behalf of the Italian MS Register.

IncGidence of PIRAIn A ’ and OCR treated patients
With Number of Subjects at Risk and 55% Confidence Limits

NTZ 94 [ 0 20 s
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Curr Treat Options Neurol (2021) 23:19
DOL 10.1007/51 1940-021-00677-1

Multiple Sclerosis and Related Disorders (J Graves, Section Editor)

Early Aggressive Treatment
Approaches for Multiple
Sclerosis

Alexandra Simpson, mp?
Ellen M. Mowry, MD, MCR?
Scott D. Newsome, DO~

Intervention/treatment
groups

=@‘

B!
;;

TREAT-MS (TRaditional versus Early
Aggressive Therapy for MS)

Early aggressive therapies
* Natalizumab
* Alemtuzumab
* Ocrelizumab
* Ritwamab
* Ofatumumab
* Cladnbine
Traditional therapies
* Subcutaneous, intramuscular, and pegylated
interferon
* Glatiramer acetate
* Teriflunomide
* Dimethyl fumarate, diroximel fumarate
* Fingolimod, siponimod, ozammod

MpwTta amoteAEopata

avopévovtal 2025 +

DELIVER-MS (Determining the
Effectiveness of earLy Intensive Versus
Escalation Approaches for the treatment
of Relapsing-remitting MS)

Early highly effective therapies

* Natabzumab

* Alemtuzumab

* Ocrelizumab

* Rituwxamab

* (fatumumab

Esalation therapies

* Beta interferon

* Glatiramer acetate

* Teriflunomide

* Dimethyl fumarate, diroximel fumarate
* Fingobmod, sijpommod, ozammod

* (ladribine
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@ ‘. Coagulation/Complement Activation
Y . :EUROI.A(?IG fu‘“' H - = STUDY PROTOCOL
R OpenAccess (€ R - frolntlers 1 and Cerebral Hypoperfusion in published: 27 October 2020

1N IMmmunology Relapsing-Remitting Multiple doi: 10.3389/fimmu.2020.548604
RESEARCH ARTICLE Sc|er03's

|
Iron homeostasis, complement, and coagulation cascade as
. ! - p - d - g - . Tatiana Koudriavtseva”, Annunziata Stefanile’, Marco Fiorelli®, Caterina Lapucci®,
CSF signature of cortical lesions in early multiple sclerosis Svetlana Lorenzano®, Silvana Zannina ", Laura Conti', Giovanna D'Agosto”,
Fulvia Pimpinelli*, Enea Gino Di Domenico®, Chiara Mandoj’, Diana Giannarelli®,

Roberta Magliozzi"2 ([, Simon Hametner?, Francesco Facchiano®, Damiano Marastoni’, Sara Donzelli®, Giovanni Blandino®, Marco Salvetti” and Matilde Inglese®®
Stefania Rossi1'4,2Marco Castellaro’, AIEerto Polit, Federico1Lattanzi1, Andreg Visconti®,
Richard Nicholas , Richard Reynolds®, Salvatore Monaco’, Hans Lassmann® & ° H H H :
e o ercs Innate immunity, plays a relevant role in MS pathogenesis. It represents the

immediate non-specific defense against infections through the intrinsic
effector mechanism “immunothrombosis” linking inflammation and

» Decreased cerebral blood volume (CBV), cerebral blood flow (CBF)/ regional
CBF, and prolonged mean transit time (MTT) have been widely demonstrated

Fibrinogen dep95|t|on has been pre\./lously. by MRI in MS patients.
found to be associated with blood-brain barrier » Coagulation/complement and platelet activation during MS relapse, could be
disruption, neuroinflammation, and related to CBF decrease.

neurodegeneration in MS. : . - :
& Immunohistochemical study of vascular injury in

Fibrinogen acute multiple sclerosis

Ll
I 1
F 1

8- .

A ] Wakefield, L | More, | Difford, ] E McLaughlin J Clin Pathol 1994;47:129-133

e Early vascular endothelial cell activation which may progress to “vasculitis”

6-
and vascular occlusion with fibrin deposition was identified.
E 4. * The vascular changes were seen before cerebral parenchymal reaction and
) demyelination and were not seen in control cerebral tissues.
2 e It was proposed that vascular endothelial cell activation may be an early and

pivotal event in the evolution of multiple sclerosis,




An Overview of Venous Abnormalities

™y AMERICAN
GICAL

of Clinical and Translational Neurology t =
Open Access ¢ frontiers  Related to the Development of pubishec: 26 Aprl 2021
in Neurology . . . . doi: 10.3389/ine(r 2021 561458
RESEARCH ARTICLE Lesions in Multiple Sclerosis
Iron homeostasis’ complement’ and coagu Iation cascade as E. Mark Haacke ™, Yulin Ge?, Sean K. Sethi’, Sagar Buch' and Paclo Zamboni®

Check for
updates

CSF signature of cortical lesions in early multiple sclerosis

Roberta Magliozzi'2([), Simon Hametner?, Francesco Facchiano?, Damiano Marastoni’,
Stefania Rossi'?, Marco Castellaro’, Alberto Poli', Federico Lattanzi!, Andrea Visconti®,
Richard Nicholas?(, Richard Reynoldsz, Salvatore Monaco', Hans Lassmann® &

Massimiliano Calabrese’ * Veins and venules in or at a distance from active MS lesions
frequently exhibit an inflammatory lymphocytic reaction located

only in the vessel wall (a form of local venous vasculitis or cerebral
Second Inflammation Pattern venulitis).

* Collagenosis of the veins could prevent exchange between the

e Compartmentalized inflammation within the meninges of surrounding CSF and the venous blood that may act as a drainage
MS patients is spatially related to subpial/ perivascular for waste products of the brain.
demyelination, which accounts for about 70% of GM * These effects may affect the function of what is referred to today as
demyelination in progressive MS and neuronal/glial the glymphatic system (an increase in transmural pressure prevents
alterations in the adjacent GM, following a “surface-in" the usual flow of metabolic wastes into the venous system).

gradient from the pial surface toward the WM.

* Regional differences in CSF flow might facilitate focal or
diffuse intrathecal trapping of immune cells and stasis of
inflammatory molecules, which may diffuse through the pial
surface toward the inner cortical layers/WM.

SWI-FLAIR Pre-contrast SWI
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EXPERT OPINION ON EMERGING DRUGS :
2020, VOL. 25, NO. 4, 377-381 Taylor & Francis

https://doi.org/10.1080/14728214.2020.1822817 Taylor & Francis Group

EDITORIAL | ) Check for updates

Bruton’s tyrosine kinase inhibitors: a promising emerging treatment option for
multiple sclerosis

Edgar Carnero Contentti ¢>* and Jorge Correale®

2, CD 19
& X

Bruton’s tyrosine kinase (BTK) is a critical
molecule in intracellular signalling from the

receptor of B cells and receptors expressed
in the cells of the innate immune system

Proliferation

rCyt:okines secretion
Survival

/ Transcription Factors
2 Nucleus
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Bruton’s tyrosine kinase inhibitors, which are
very small molecules, address not only the
adaptive but also the innate immune system
and can reach the CNS easily
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DEMYELINATING DISORDERS (J. BERNARD AND M. CAMERON, SECTION EDITORS)

Bruton’s Tyrosine Kinase Inhibition in Multiple Sclerosis

Raphael Schneider™?® . Jiwon Oh'-

Central Nervous System Microglia

BTK inhibition decreases
integrin and chemokine
receptor expression,
reducing immune cell
infiltration across the BBB

. production

B-cells @

BTK inhibition limits B-cell

activation downstream of ‘ "
the BCR and their capacity

to stimualte and present

anigens to T cells.

T-cells

Monocytes

BTK mediates activation and
differentiation of monocytes and
macrophages downstream of the FcyR

Peripheral blood

BTK activation is increased in
microglia and inhibition of BTK
reduces microglial cytokine

Macrophages

Important milestones in the drug therapy of MS have been achieved in the last 10
years. While the focus was initially on controlling acute relapses of MS, efforts are
increasingly moving in the direction of establishing therapy options for

progressive disease. Great hopes are pinned on the class of Bruton’s tyrosine
kinase inhibitors, which address not only the adaptive but also the innate
immune_system, which is thought to be responsible for the maintenance of
chronic IVIS disease progression

Increased BTK
expression has been : e
shown in and around Z
MS lesions '

Inhibition of BTK reduces ; @
signaling through Toll-like B-cell follicle .‘ &
receptor and inflammasome- @ &
related pathways in immune cells @ @

B-cell follicles and meningeal
inflammation are part of the =
compartmentalized [ .
inflammatory response in MS

Meningeal inflammati




Review

Bruton’s Tyrosine Kinase Inhibitors: A New Generation of
Promising Agents for Multiple Sclerosis Therapy

Antonio Garcia-Merino Cells 2021, 10, 2560. https:/ /doi.org/10.3390/ cells10102560

Over the last three decades, immune therapy for MS has passed important milestones, effectively controlling clinical
and MRI activity, even in patients with significantly active disease, slowing the accumulation of disability and delaying
entry into the secondary progressive phase

Despite modest advances with SPMS or PPMS, progression has been a stumbling block for therapy. Progression in MS is
complex and is thought to depend on different factors, some of which are not well understood. Persistent inflammation
within the CNS stands out as one of the candidate factors. Inflammation accompanies myelin damage alongside the
evolution of the disease

In chronic stages, BBB permeability is restored, preventing the entry of therapeutic agents. Compartmentalized or
“trapped” inflammation in the CNS has become an important challenge for therapy, and it may be a major contributor
to myelin and axonal damage.

For MS, the availability of a family of new drugs that can reach therapeutic concentrations inside the CNS, counteract
the inflammation driven by B cells, and modulate the critical players in innate immunity, such as macrophages and
microglia, is a therapeutic promise.

If BTK inhibitors effectively control persistent compartmentalized CNS inflammation, this could represent a great step
toward the prevention of MS progression




Name/
company

Evobrutinib
EMD Serono

Telebrutinib
Sanofi

Fenebrutinib
Hoffmann-La Roche

Orelabrutinib
Biogen,/Beijing
InnoCare Pharma Tech
Remibrutinib
Movartis

Clinical studies

Phase 2, RDB
NCT02975349 (267 patients)

Phase 3, RDB
MCT04338022/NCT04338061 (evolutionRMS 1
and evolutionRMS 2, target 898 patients each)

Phase 2b, RDB
NCT03996291 (125 patients)

Phase 3, RDB
MCT04410978/NCT04410991 (GEMINI 1 and
GEMINI 2, target 900 patients each)

Phase 3, RDB
NCTO04411641 (HERCULES, target 1290
patients)

Phase 3, RDB
NCT0445805 1 (PERSEUS, target 990 patients)

Phase 2, RDB
MNCT05119569 (FEMopta, target 102 patients)

Phase 3, RDB
NCT04586023/NCT045856010 (FENhance,
target 736 patients)

Phase 3, RDB
MNCT04544449 (FENtrepid, target 946 patients)

Phase 2, RDB
MCTO47 11148 (target 160 patients)

Phase 3, RDB
MNCT05147220 (target BOO participants)

MS type

RRMS

RRMS

RRMS

RRMS

SPMS

PPMS

RRMS

RRMS

PPMS

RRMS

RRMS

Comparator

Evobrutinib vs placebo

Evobrutinib vs teriflunomide

Tolebrutinib vs placebo

Tolebrutinib vs teriflunomide

Tolebrutinib vs placebo

Tolebrutinib vs placebo

Fenebrutinib vs placebo

Fenebrutinib vs teriflunomide
vs placebo

Fenebrutinib vs ocrelizumab
vs placebo

Orelabrutinib vs placebo

Remibrutinib vs teriflunomide

Outcomes

Significantly fewer enhancing lesions during weeks

12 through 24 than those who received placebo

ARR, EDSS progression, physical function,
lesion formation

AEs, lesion formation, ARR

ARR, disability worsening,
lesion formation, brain volume loss

Disability progression, physical function, lesion
formation, brain volume loss, safety

Disability progression, physical function, lesion
formation, brain volume loss, safety

Lesion formation, AEs

ARR, disability progression, lesion formation,
brain volume loss

Disability progression, brain volume loss, AEs

Lesion formation, AEs, ARR

ARR, EDSS progression, safety

Status

Active, has results; estimated
completion February 2025

Recruiting; estimated completion
June 2026

Active, not recruiting; estimated
completion April 2025; FDA hold placed
in 2022

Active, not recruiting; estimated
completion September 2023; FDA hold
placed in 2022

Active, not recruiting; estimated
completion August 2024 ; FDA hold
placed in 2022

Active, not recruiting; estimated
completion August 2024; FDA hold
placed in 2022

Recruiting; estimated completion
September 2024

Recruiting; estimated completion
Movember 2025

Recruiting; estimated completion
December 2026

Recruiting; estimated completion March
2024; FDA hold placed in 2022

Recruiting; estimated completion
Movember 2029

AEs, adverse effects; ARR, annualized relapse rate; BTK, Bruton tyrosine kinase; EDSS, Expanded Disability Status Scale; MS, multiple sclerosis; PPMS, primary progressive multiple sclerosis; RDE, randomized double-blind; RRMS,
relapsing-remitting multiple sclerosis; 5PMS, secondary progressive multiple sclerosis.
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* There are currently five BTK inhibitors in Phase lll clinical trials for either relapsing
or progressive MS: Sanofi’s tolebrutinib, Roche’s fenebrutinib, Novartis’
remibrutinib, InnoCare’s orelabrutinib, and Merck KGaA’s evobrutinib.

Both tolebrutinib and orelabrutinib have had partial clinical holds (holds on new
enrollment) placed by the FDA due to raised liver enzymes and potential liver
injury, as did evobrutinib in April 2023 and fenebrutinib in December 2023.

Mews ACTRIMS 2024 Evobrutinib fails to show superiority to Aubagio in Phase 3 trials

ACTRIMS 2024: Evobrutinib fails to
show superiority to Aubagio Iin
Phase 3 trials

BTK inhibitor seen as similar to approved therapy 'but a little bit more toxic'



The role of the complement
system in Multiple Sclerosis:
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A: Acute MS exacerbation (initial stage)

Nil Saez-Calveras® and Olaf Stuve®®*

(A) Acute MS exacerbation:

1. Complement factors leak through a compromised BBB. T
and B cells infiltrate the parenchyma and are activated by
myeloid APCs.

2. Activated C3b and C3d deposit on myelin promoting its
opsonization. C1q binds resting microglia and modulates its
phenotype switch to disease-associated microglia (DAM).

B : Chronic or progressive MS
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in Cellular Neuroscience

Interaction Between the Complement
System and Infectious Agents — A
Potential Mechanistic Link to
Neurodegeneration and Dementia

Noriko Shinjyo'?*, Wataru Kagaya® and Marcela Pekna?®>
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ACTIVATION MODE

Classical: antibodies and antigens
Lectin: Lectins and sugars
Alternative: Pathogens and
damaged tissue

Functions

A] Cell lysis

Killing of pathogens

= Clearance of apoptotic cells
and debris (CR1/CR3/CR4/C1gR)
= Synaptic pruning (CR3)

C] Regulation

Inhibition of the complement cascade

D] Other functions

« Promotion of cell differentiation and
recruitment (C3aR/C5aR)

* Modulation of immune cell migration (C3aR)

«Regulation of B-cell functions (CR2)

eLeukocyte adhesion (CR4)

The complement system is an evolutionarily conserved proteolytic
cascade, consisting of over 40 components

Complement plays a key role as part of innate immunity, eliminating
pathogens and damaged cells, directly killing bacteria by forming the
so-called membrane attack complex (MAC), and promoting
inflammatory responses via the generation of anaphylatoxins

The activation of the complement system can be triggered via three
pathways: the classical pathway, the lectin pathway, and the alternative
pathway

Each of the activation pathways leads to the formation of C3
convertase (C4bC2b or C3bBb) that cleaves the third complement
component (C3) into the C3a and C3b fragments.

In the next step of the activation cascade, we have the proteolytic
cleavage of C5. C5 activation results in the release of C5a and the
formation of MAC, a.k.a. the terminal complement complex, C5b-
9.

C3a and C5a are peptides with anaphylatoxin properties and
function as fluid-phase inflammatory mediators. They exert their
biological

effects mainly through membrane-bound receptors. These
receptors can propagate proinflammatory signals to induce
cytokine/chemokine release and mediate the chemoattraction and
activation of neutrophils and macrophages



The role of the complement
system in Multiple Sclerosis:
A review

Front. Immunol. 13:970486.
doi: 10.3389/fimmu.2022.970486

Nil Saez-Calveras® and Olaf Stuve®?*

0 EUROPEAN MEDICINES AGENCY
SCIENCE MEDICINES HEALTH

EU/3/13/1185: Orphan designation for the treatment of
neuromyelitis optica spectrum disorders

Eculizumab

Table of contents

« Overview
o Key facts
« Review of designation

Overview

On 24 April 2019, orphan designation (EU/3/13/1185) was granted by the European Commission to Alexion
Europe S.A.S., France, for eculizumab for the treatment of neuromyelitis optica spectrum disorders.

FIGURE 2

Currently available complement inhibitors used in clinical trials

Currently available complement inhibitors used in clinical trials of
neurologic and non-neurologic diseases
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Inhibition

Clq +-

ANX-MI121
(Clq blocking
antibody)

CVF (depletes
C3)

Major difficulty: poor pen

Animal
model

MOGas ss
induced EAE

mice

MOGys 55
induced EAE
mice

Myelin + CFA
immunized
Lewis rats

BPN myelin
immunized rats

Effect

Density of Ibal+ cells microglia with reactive
giosis morphologies, expression of DAM marker
CLEC7A lower in Clq -/- mice. No effect on
disease phenotype **%

Decreased Ihal+ and Ibal+/FTL+ microglia **%

CVF given at day 9 delayed onset of EAN by 2-3

days, when given at days 9-12 delayed onset by 4-

5 days (32
Lower clinical scores, less demyelination. Fewer

EDI-paositive macrophages, CD11bc-positive cells
133)

Inhibition

C3-/- MOGys_ss
induced EAE
mice

CR2-Crry MOGys 55
induced EAE
mice

C3aR -/- MOGss 55

C3a CNS induced EAE

expression mice

Dual C3aR -/- MOGas ss

C5aR -/- induced EAE
mice

Animal
model

Effects of complement

inhibition in MS animal

models.

Effect

In both C3 -/- and factor B -/- mice, little
infiltration of the parenchyma by macrophages
and T cells, protection from demyelination ‘***
Mice equally susceptible to EAE. No differences in
production of proinflammatory cytokines (IL-2,
IL-4, IL-12, TNF-a, and IFN-y) ©**

Synaptic preservation in LGN where CR2-Crry
AAV injected. Reduced symaptic terminal
engulfment within microglial lysosomes. Visual
acuity preservation. No effect on demyelination,
axonal loss, gliosis, myelin engulfment 57
Administmation prior to and during onset of EAE

attenuates both MOG-induced and transferred

EAE in CR2-Crry and CR2-factor H treated mice
&)

C3aR -/- attenuated chronic EAE, modestly
reduced macrophage and T cell infiltrates in the
SC. Selective C3a-GFAP expression exacerbated
chronic EAE, . increased macrophage and
T cell infiltrates V75

Delayed onset of disease but no attenuation of
disease severity. Greater infiltration of CD4+ T
dls O

tration of closed BBB- Techniques to overcome this obstacle

Inhibition Animal Effect
model
C3aR -/- MOz s C3aR -/- attenuated chronic EAE, modestly
C3a CMNS induced EAE reduced macrophage and T cell infiltrates in the
expression mice SC. Selective C3a-GFAP expression exacerbated
chronic EAE, mortality, increased macrophage and
T cell infiltrates 72
Dual ClaRk -/~ MOWGyz o Delayed onset of disease but no attenuation of
C5aR -/- induced EAE disease severity. Greater infiltration of CD4+ T
mice cells (17
C5aR - MOGasss Mice fully susceptible to MOG-indnced EAE, no
induced EAE difference in disease onset or severity. Similar
mice
macrophage and T cell infiltrates. Equal
proinflammatory gene expression (kY
5 -/ Guinea pig Acute EAE: Delay in inflammatory cell infiltrates
myelin + and tissue damage
incomplete Chronic EAE: Axonal depletion and severe glinsis
Freund's in C5 -/-. Extensive remyelination in CS5-snfficient
adjuvant mice 49
immunized mice
Mydin-induced Increased TUNEL + apoptotic cells in C5 -/~ mice
EAE mice during clinical recovery (lymphooytes, monocytes,
OLG) ™7
PMO{I05 Biozzi ABH Amelioration of progresive neumlogical disability
[(C5aR1 mice (syngeneic  (not complete rescue). Reduction of NLPR3
inhibitor) Biozzi AB/H inflammasome, upregulation of FRAR ¢!
spinal cord
homogenate +
CFA)
AcF- EAE: gpBMP +  MNeutrophil response to C5a blocked Mo effect on
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Epstein—-Barr virus-specific adoptive

msj.sagepub.com

multipl lerosi
ultiple sclerosis SSAGE

Michael P Pender!-3, Peter A Csurhes'4, Corey Smith3,
Leone Beagley3, Kaye D Hooper'?, Meenakshi Raj?,
Alan Coulthard'?, Scott R Burrows'>? and Rajiv Khanna'>?

It has been hypothesized that defective elimination of EBV-infected B cells
by cytotoxic CD8+ T cells predisposes to MS by allowing EBV-infected
autoreactive B cells to accumulate in the central nervous system (CNS).
This hypothesis predicts that adoptive immunotherapy to boost EBV-
specific CD8+ T-cell immunity might be an effective treatment for MS.
AdE1-LMPpoly is a novel recombinant adenovirus vector encoding multiple
CD8+ T-cell epitopes from three EBV latent proteins, namely EBV nuclear
antigen-1 (EBNA1), latent membrane protein 1 (LMP1) and LMP2A.
Because EBV-infected B cells in the brain in MS express the same three EBV
proteins, adoptive immunotherapy with AdE1-LMPpoly might be an
effective way to increase the number of CD8+ T cells available to eliminate
EBV-infected B cells from the CNS.
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Long-term disability improvement during EBV-targeted T-cell immunotherapy ATA188 is related to brain volume change and normalised magnetisation transfer ratio in T2 lesions

e Movember 08, 2023 05:35 PM Eastern Standard Time

EPYT

THOUSAND OAKS, Calif. (BUSINESS WIRE)-Atara Biotherapeutics, Inc. (Nasdaq: ATRA), a leader in T-cell immunotherapy,
i{mg leveraging its novel allogeneic Epstein-Barr virus (EBV) T-cell platform to develop transformative therapies for patients with cancer and
pre autoimmune diseases, today announced primary analysis data from its Phase 2 EMBOLD study of ATA188 in non-active progressive
e MUltiple sclerosis (PMS). The study did not meet the primary endpoint of confirmed disability improvement (CDI) by expanded disability |
E,’;:,'} status scale (EDSS) at 12 months compared to placebo. In addition, fluid and imaging biomarkers did not provide further supportive o
metl EVidence.

bezv‘“ll \'59\"'\"} Wt GV W “'Ul\v‘l\? VWYY W W "'5 \':‘ ‘Vb\ \“'5"“5\ VB Yy Ur LW-"V-V. TINNFRINRRI s ¥ 5'\‘-"\@5\- WIRIAE ywisvITTS \llu'ls‘ A YW yui\.suwsu FRIIW IWWVVATY YW IS \"Ul's‘ AT TNy VIV MTEARTTIIN YW \.Hvuss AP TN TN
assessed on T1-weighted MRIL. nMTR evolution was measured within baseline unenhancing 12 lesions.

Results: 9/24 pts treated with ATA188 achieved sustained disability improvement (SD1) in the initial 12-month period or in the OLE; in 7/9, SDI was driven by EDSS (CDI1). As of the most recent data provided, 5/5 pts with CDI remaining in the
OLE maintained improvement for a median of 23.5 (range, 16.4-24.7) months. Safety in the OLE was consistent with previous reports. At 12 months, pts achieving SDI (vs not) during the study had significantly less enlargement of ventricular
volume (PVVC; p=0.019) but similar PBVC and TVC. Similar trends were observed in pts achieving CDI (vs not). Longitudinal MRI analyses including OLE data showed that pts achieving CDI (vs not) had significantly higher nMTR over time
(B=0.14, p=0.005), suggesting increased myelin density. Further, PBVC in pts achieving CDI (vs not) showed less decrease over time (=0.34,p=0.037) and there was a trend for less ventricular volume enlargement over time (PWC); TVC did not

r by CDI status
Conclusion: Pts achieving CDI continuing in the OLE sustained CDI for up to 39 months. CDI was associated with less severe brain atrophy at 12 months and increasing nMTR in chronic T2 lesions over time, suggesting that brain structural
changes, potentially including remyelination, persist over time and may underlie the CDI associated with ATA188.

39 pAveg peta tn xopniynon AvoooBeparmeiag pe evepyomotlnpeva T-Aepdokutapa (ATA188) mapatnpeital otabepn

BeAtiwon tn¢ avarmnpiog pe pelwpeVn eykedaAikn atpodia kal avénuévo onua otnv eé€taon pe MTR otig T2 eotieg,
eVOELKTLKO TiLBavn ¢ emavapueAivwong!
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Trial record 1 of 1 for: NCT04047628
Previous Study | Return to List | Next Study
Best Available Therapy Versus Autologous Hematopoetic Stem Cell Transplant for Multiple Sclerosis (BEAT-MS) (BEAT-MS)

ClinicalTrials.gov Identifier: NCT04047628

his study is the responsibility of the study sponsor and investigators. Listing a _ -
aluated by the U.S. Federal Government. Know the risks and potential benefits R.ecruwment SENEEEECSRIEN
23lth care provider before participating. Read our disclaimer for details. FirstRosted @ - August 7, 2019

Last Update Posted € : March 3, 2023
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Intervention/treatment €@

Condition or disease @

Relapsing Multiple Sclerosis Procedure: Autologous Hematopoietic Stem Cell Transplantation

Relapsing Remitting Multiple Sclerosis Biological: Best Available Therapy (BAT)

Secondary Progressive Multiple Sclerosis

Participant recruitment for this six-year research study focuses on multiple sclerosis (MS) that has
remained active despite treatment. This study will compare high dose immunosuppression followed by

autologous hematopoietic stem cell transplantation (AHSCT) to best available therapy (BAT) in the
treatment of relapsing MS.




AKOLQ UEXPL KOl CNUEPO OEV EXOUUE AMOTEAECUATIKEG TEPATIEIEC OTNV MPOOSEVTIKN MOPEIQ TNG VOoOU,
ouuneptAauBavouévneg kot tng olwnnAng mtpoodou nou ekdbnAwvetal otnv untotponialovoa Hoppn Kal ival
aveéaptntn twv vrtotpontwv (PIRA).

H uepikn amoteAsouatikotnta Twv Fepaneiwv Kata twv B-Aspupokuvtapwyv (Rituximab, Ocrelizumab, Ofatumumab)
OTNV MPOO0SEUTIKN MOPEIa TNG VOOOU, 00yNoE 0TNV MPOCTIATELR XOPHYNONG LEYAAUTEPWV SOCEWV 1 KAl ITPWLUN
Evapén Feparneiac pe MOAU AITOTEAECUATIKA PAPUXKA WOTE VA AITOTPATEL N dnuloupyia avIeKTIKWVY otn Fepancia
OUOOWPEUCEWYV B-AEUPOKUTTAPWV TA OTtoict 06NyoUV O€ XpOVLIX VEUPOEKPUALON Tiow arto Eva KAELOTO

QUUATEYKEPAALKO ppayuo (diaueptouaronoinon)
— .

Mia atAAn urtooxopevn, mapd Ti¢C apxLKEC SUOKOAIES, meploxn EPEUVAC artoTeEAOUV ot avaoToAgic TG TUPOCLVIKNG
Kwaoncg Bruton (BTK-Inhibitors) kai ot oAU npoo@ata SoKiUalOUEVOL AVAOTOAEIC TWV MAPAYyOVTWYV TOU
CUUTTANPWUATOC OUCIEG OL OTTOIEC Katt 0t SUO avaoTEAAouv T dpdon T000 TwV B-AEUPOKUTAPWY 000 Kat THE
utkpoyAoiag.

§ = /!

H noAuv oxupn cuoxétion tou tou EBV otnv nadoyéveon tng NMoAAanAng ZkAnpuvong uag odnyei otnv avantuvén
KQULVoToOUwV Jepanetwv eite mpog tnv eédAeidn tou LoU amo ta HOAUCUEVT B-Asu@oKkuTapa 1 TPo¢ TNV EKAEKTIKA
davatwon tTwv B-AEUPOKUTAPWVY TTOU TTIEPLEXOUV UECQ TOUG YEVETIKO UALKO TOU LoU EBV
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TEAOG, Fepareiec VEUPO-ATTIOKATAOTAONG OL OMOIEC Fa
UITOPOUV VA UELWOOUV 1) KOl Vo VO TPEYOUV TNV avannpio
UEOW SLOPTWTIKWV UNXAVICUWYV, OTIWG: EMAVAUUEAIVWONG,
aéoviKN¢ avayEvvnong N Kat VEUPOYEVEDNG apxilouv otya-
olya va supavi{ovral oto nPooKnvIo
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